Ethnobiology 


1999 


USE, MANAGEMENT AND DOMESTICATION OF 
COLUMNAR CACTI IN SOUTH-CENTRAL MEXICO: 

HISTORICAL PERSPECTIVE 


ALEJANDRO CASAS 

Departamento de Ecologia de los Recursos Naturales, Institute) de Ecologia, Uniik rsidad 
Nacional Autonoma de Mexico. Avartado Postal 70-2/5, Mexico, D.F. 04510, Mexico 


JAVIER CABALLERO 

Jardin Botdnico, Instituto de Biologia, Universidad Nacional Autonoma dt Mexico 

Aoartndn Postal 70-614. Mexico, D.F. 04510, Mexico 


BANUET 


Departamento de Ecologia Euncional, Instituto de Ecologia, Universidad Nacional 
Autonoma de Mexico. Apartado Postal 70-275, Mexico, D.F. 04510, ixtco 

ABSTRACT.— Ethnohistorical and ethnobotanical information on columnar cac tus 
species utilized and managed by peoples of the south Pacific slope in sou <e 
Mexico is presented. This region comprises the highest diversity o ^P ec 
columnar cacti in the world, with 45 of the 70 Mexican species ot ac } c 
and Cereeae, all of them being useful species. Although columnar cac , 

used by local people for thousands of years, no archaeologica or { 

have been found on human manipulation of these plants in t e 


columnar 


populations 


species 


ged 


their importance 


vucuny emu dvaiiaDiiiiy or u^uiui uiuuu^w, * . n . f u ^ , v 

and the viability of manipulation of plants are ail factors in uen 
management of columnar each. The pattern of domestication « sm, mi mj* 

acting simultaneously, observed in ^^^y^'^'LXth and vegetative 
also in other columnar cactus species with relatneiy & .. a j on e is 

propagation, whereas a pattern of domestication “ ative biological 

hypothesized to occur in giant columnar cactus species. on Qn 

studies of wild and manipulated populations cou 8 ! ' e in t0 a better 

and extent of changes under domestication and, t en, 
understanding on the nature and antiquity of the 


ethnobotany, Mixteca, Tehuacan 


RESUMEN. 


- Se presenta informacion etnohistonca v indigenas 

especies de cactaceas columnares utilizadas y maneja as enc j e j a mayor 

de la vertiente del Pacifico Sur de Mexico. Esta ^ e P° l j 0 con 45 de las 70 

diversidad de especies de cactaceas columnares e ^ cuales son 

especies mexicanas de Pachycereeae y Cereeae, a t0 .j R usa d as por la gente de 
especies utiles. Aunque las cactaceas columnares an si ar q U eologicos o 

la region durante miles de anos, no se han encontra o r sa j 0 £n la actualidad, 
historicos sobre su manipulacion por seres humanos en e n exC iusivamente 

la mayor parte de las especies de cactaceas co um 
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recolectadas a partir de poblaciones silvestres. No obstante, poblaciones silvestres 
de 18 especies son manejadas in situ, y 12 especies son cultivadas. Aspectos tales 
como la calidad y disponibilidad de los productos utiles de las cactaceas 
columnares, su importancia en la subsistencia humana, asi como la viabilidad 
con la que pueden ser manipuladas, son todos factores que influyen sobre el tipo 
de manejo de estas plantas. Con base en un patron de domesticacion ex situ e in 
situ actuando simultaneamente, observado en Stenocereus stellatus, se propone la 
hipotesis de que tal patron podria presentarse tambien en especies de cactaceas 
columnares de crecimiento relativamente rapido y con propagacion vegetativa. 

Se discute tambien un patron hipotetico de domesticacion in situ actuando solo 
en especies de cactaceas columnares gigantes. Estudios de biologia comparativa 
de poblaciones silvestres y manipuladas podrian dar information sobre las 
tendencias y magnitud de los cambios bajo domesticacion, y asi conducir a un 
mejor entendimiento de la naturaleza y antiguedad del proceso. 

Palabras clave: cactaceas columnares, domesticacion, etnobotanica, Mixteca, 
Tehuacan 

RESUME.— Information etnohistorique et etnobotanique sur les especes de 
cactacees columnaires utilisees et manipulees par les peuples indigenes du versant 
Pacifique du sud du Mexique est presentee. Cette region comprend la plus grande 
diversity d'especes de cactacees columnaires du monde, avec 45 des 70 especes 
mexicaines de Pachycereae et Cereeae, dont la plupart son des especes utiles. Bien 
que les cactacees columnaires ont ete utilisees par les habitants de la region pendant 
des milliers d'annees, des registres arqueologiques ou historiques sur sa 
manipulation par des etres humains dans le passe n ont pas ete trouves. Dans 
1 actualite, desormais, meme si la plupart des especes de cactacees columnaires 
son exclusivement recolectees a partir de populations sauvages, certaines especes 
sent en plus manipulees par les gens. En fait, les populations sauvages de 18 
especes son manipulees in situ, et 12 especes sont cultivees. Des aspects tels comme 
la qualite et la disponibilite des produits utiles des cactacees columnaires, leur 
importance pour la subsistence humaine, et la viabilite avec laquelle elles peuvent 
etre manipulees, son les facteurs qui agissent sur le genre de manipulation de ces 
plantes. Des modeles de fa^ons de domestication qui pourraient avoir lieu cx situ 
ou in situ pour certaines especes de cactacees columnaires son discutees. Des etudes 
de biologie comparative de populations sauvages et manipulees pourraient donner 
de 1 information sur les tendences et la magnitude des changements sous 
domestication, et nous mener ainsi a une meilleure comprehension de l'antiquite 

de ce procesus. 

Mots-cles. cactacees columnaires, domestication, etnobotanique, Mixtec, Tehuacan. 

INTRODUCTION 

Cticti and hitman cultures in the south Pacific slope of Mexico.— The south Pacific slope 
m sou -central Mexico, including part of the states of Michoacan, Mexico, More os, 
uerrero, Puebla and Oaxaca (Figure 1), has been identified as the richest ar ^ a ^ 
species ot columnar each of the world, with nearly 45 of the approximately 

Raw” 16 *^ e F* a chycereeae and Cereeae of Mexico occurring there (Valien e 
nuetet al, 1996). Thom-scrub and tropical deciduous forests constitute the mos 


Summer 1999 


JOURNAL OF ETHNOBIOLOGY 


~3 


common vegetation types in the area, and these are commonly dominated by co¬ 
lumnar cacti. Archaeological studies in the Tehuacan Valley (MacNeish, 19t>7,1992) 
and Guila Naquitz, Oaxaca (Flannery, 1986), suggest that the region was inhabited 
by human beings probably from 12,000 years B. P. These studies also found in the 
area evidence of the earliest signs of plant domestication in the New World. At 
present, nearly 19 indigenous ethnic groups live there (Table l) (see Valdes v 
Menendez, 1987). This information thus reveals that the south Pacific slope in¬ 
cludes landscapes with a high diversity and abundance of columnar cacti, as well 
as a considerable diversity of human cultures with a long history of experience in 
plant management to which columnar cacti have been important resources and 

cultural elements. 

Since ancient times, peoples of the south Pacific slope used a broad spectrum 
of plant and animal resources with cacti being among the most important because 
of their abundance, easy accessibility and diversity, offering a great variety of re¬ 
source options to the ancient gatherers. For example, in the Tehuacan Valley alone, 
Davila et al (1993), as well as Arias, Gama and Guzman (1997) identified nearly 81 
cactus species, all of them offering actual or potential edible products (Casas and 

Valiente-Banuet, 1995). 



FIGURE 1.— The South Pacific slope of Mexico. 
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TABLE 1.— Indigenous ethnic groups from the southern Pacific slope of Central 
Mexico. 

Ethnic group 

Distribution within the region 

Amuzgo 

Guerrero, Oaxaca 

Chatino 

Oaxaca 

Chinantec 

Oaxaca 

Chontal de Oaxaca 

Oaxaca 

Cuicatec 

Oaxaca 

Huave 

Oaxaca 

Ichcatec 

Oaxaca 

Mazahua 

Michoacan, Mexico 

Mazatec 

Oaxaca 

Mixtec 

Oaxaca, Puebla, Guerrero 

Mixe 

Oaxaca 

Nahua 

Oaxaca, Puebla, Guerrero, Michoacan, Mexico, Morelos 

Otomi 

Puebla, Mexico 

Chocho-Popoloca 

Puebla, Oaxaca 

Purepecha 

Michoacan, Guerrero 

Tlapanec 

Guerrero 

Tnqui 

Oaxaca 

Zapotec 

Oaxaca 

Zoque 

Oaxaca 


Smith (1967) reported remains of nine cactus species (Table 2) from archaeo- 
logical excavations in the Tehuacan Valley and remains of Opuntia sp. from Guila 

Naouitz (Smith icjftA'i —j.i_• _ -j _i .i__ _arp at 


columnar 


* r —/ - ***»w* niv iutiiuiitu, luiuuuiwj. 

present important plant resources in the region. However, because archaeological 
remains of these cacti were not abundant in the floor of the caves studied, Smith 

/ | ||X ^f\ • i ^ f 


/^wHuercu mat tney were not significant items of the diet of ancient peo F ^. 
ut this information contrasts with that found in human coprolites by Callen (1967) 
w o, based on characteristics of seeds and crystals ifpm Hssue. distinguished 


,1 . .. t WIIU 1.1 111 CH^lll —- U 

tne following types of cactus remains: 1) " Opuntia spp.", 2) " Lemaireocereus" (spe¬ 
cies of the columnar cacti genera Pachycereus and Stenocereus according to current 
nomenclature) and 3) cactus tissue" (unidentified cacti, including possibly co 
r ™ a ^ C£ ) cti )- In the earliest coprolites found, from the El Riego phase (6,500-5,000 


types 


ifol 


fruits 


; nrt , r* w , - —were euuauv uunuiiciiu iiicu^w^-- 

‘ n the Abe Jas (3,500-2,300 B.C.), Ajalpan (1,500-900 B.C.), San« 
1 54m h 200 B C ) ' Pal ° B1 anco (200 B.C.-A.D. 700) and Venta Salada (A.D. 70 
he m ^ ^ S6S/ consum P^ on of" Lemaireocereus" stem tissue, fruits and seeds cou 
Marfa nt lmP ° n r ant than P^ucts of " Opuntia", and during Ajalpan and San a 
coprolftes SeS/ Lemaireocereus " c °uld be the principal plant constituents in huma 
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According to Callen (1967), remains of raw stem tissue and fruits of 
" Lemaireocereus" were found in all the phases, suggesting a direct consumption of 
these plant products. However, in the Coxcatlan phase seeds of " Lemaireocereus " 
appear to have been eaten after having been roasted. In the Palo Blanco phase, 
Callen observed evidence of stems of "Lemaireocereus" without epidermis suggest- 
ing that they were roasted to discard the charred epidermis. 


Pacific slope .— Domestication 


^ ^ v ^ r ^ ► i w l/ *• v/ L/ w • L-X V' XA l V_- V X V V4 XX v-' XL X ^ XX X L V_ Y V/ 1 XX 

tionarv process determined by human beings (see Darwin, 1859,1868; Schwanitz 

IOAA- H-irl-in 10QT\ T’U^ _ _1. e _ .1 . • . 1 „• 


mam 


morphological and physiological variation of plant and animal populations by 

+ J.U *_• _ 1 _ . i. , , „ , . i » 


cultural, and technological needs 


II o - vvx/xiv/xxixx/ XU1XUIU1, U1 1U I w 

consequence of domestication, populations of organisms that are manipulated by 
people are under a continuous process of genetic divergence with respect to the 
original wild populations (see Hancock, 1992; Casas et al., 1997a). Domestication 
therefore involves forms of manipulation of plant or animal populations through 
w hich people make possible the action of evolutionary forces such as artificial 

COInrhAn /f • 11 i . « /> « . « « ■« i 


survival 


y-- 'ft Uiiu icpiuuuuiuil U1 UIltrilULy 

undesirable phenotypes are eliminated), genetic drift (resulting from isolation of 
small fractions of genetic variation within manipulated populations), migration 
(resulting from the movement of plants and animals among localities, regions and/ 

' ' nee, for instance, of human migration or commercial 

txchange), as well as manipulation of reproduction systems. 

There is no evidence from archaeological remains that any of the cactus spe¬ 
cies were cultivated nor that their populations were manipulated in any other 
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practictd by people in the past. Casas et al. (1996) group these forms of plant man¬ 
agement into those occurring in wild plant populations in situ and those occurring 

.' . rou §h management in situ, humans may take products from nature with* 
out significant perturbations, as in some types of gathering. But also, they may 
er t e structure of plant Domilafinnc ihomiv; m^rairing the quantity of target 

tolerance”, or practices 
ful plants that existed 

enhancement", whl® 

• .i QeS sow mg °f seeds or the propagation of vegetative structures of plants 
iwpf VT 6 P aCeS occu P ied b Y wild populations in order to increase numbers of 
plimi P°P u ^ abons / and 3) "protection” or conscious activities such as the 

<marH <- T ? ^mpetitors and predators, fertilization and/or pruning to sate 
and Cah W !n P^ ards ( see examples of these forms of management in Casas 
manavpm T' 1 Casas et al ' 1996 ' 1997a ; 1997b). On the other hand, plant 
in habiraf en interactions taking place outside natural populations, 
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main forms of plant management ex situ are: 1) transplantation of complete indi¬ 
viduals and 2) sowing and planting of sexual or vegetative propagules (see Casas 

et al, 1996). 

Domestication commonly occurs among plants cultivated ex situ, although 
not all cultivated plants are necessarily under domestication processes (see Harlan, 
1975, 1992). However, some forms of artificial selection have been identified to 
occur also under in situ forms of plant management. Gatherers usually distinguish 
individual plants of some species which are different in features related to quality 
of food, such as flavor, size, color, presence of toxic substances, etc., and choose 
the best plants to use (Casas and Caballero, 1996; Casas et al., 1996,1997a, 1997b). 
The edible wild plant species and the preferred variants, are tolerated, enhanced 
and/or protected in situ when they are found during the clearing of forest areas, 
whereas those species and variants whose edible parts are not preferred by people, 
are eliminated. The effect of this form of artificial selection, as well as other evolu¬ 
tionary forces determined by human beings under forms of management in situ, is 
yet to be documented. However, in the cases of Anoda cristata (L.) Schl., CrotaLv 
pumila Ortega, Leucaena esculenta (Moc. Et Sesse ex A.DC.) Benth. and Stenoceteus 
>tellatus (Pfeiffer) Riccobono which have been studied in the region, Casas 1 1 al. 
(1997a) found evidence that artificial selection in situ has produced significantly 
higher frequencies of favorable phenotypes in tolerated populations when com¬ 
pared with wild populations. Particularly in the cases of L. esculenta (Casas and 
Caballero, 1996) and S. stellatus, (Casas, Valiente-Banuet and Caballero, 1998; Casas 
tt al. 1998,1999a), through multivariate statistical analyses it was found a signiti 
cant morphological divergence between wild, managed in situ and cultivated t\ 
situ populations. These analyses also revealed that such divergence is strong \ 
determined by morphological characters used by people in folk classification o 
var iants, in assessing quality of products, and in selecting indi\ iduals tor pre er 
ential propagation, that is, those characters that are direct targets ot arti lcia 
selection. This information strongly suggests that artificial selectionis causing 
Morphological (and presumably also genetic, see Casas et al., 1999a, 1 ^ V< !!c 

gence through both cultivation ex situ as well as management of \n i popu a 
in situ, and that domestication in situ and ex situ are ongoing processes i 

plant species in the south Pacific slope. 

Objectives .— This research aimed at examining in a historical perspecth e 
as Pects about use, management, traditional classification anc roe t v , 

cac ti in the economy of peoples of the region. The purpose was to ocun 
analyze possible processes of artificial selection occurring on t ese p a 
ow suc h processes might be operating, which factors are in uencing 
®t present, and how this could have occurred in the past. 


METHODS 
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species referred to in such documents were carried out based upon the descrip¬ 
tions and illustrations included on them. 

Ethnobotanical studies. — A survey was conducted among indigenous peoples of 
the south Pacific slope in order to investigate patterns of management and mecha¬ 
nisms of artificial selection on different species of columnar cacti. Information on 
factors influencing the different ways of management such as forms of use, spatial 
and temporal availability and role in human subsistence of their useful products 
was emphasized. This information stressed morphological features of the differ¬ 
ent species and variants preferred for different purposes, as well as the destination 
of products of columnar cacti and their role in the economy of the household. 
Semi-structured interviews were conducted with a total of 12 Nahua, Mixtec and 
Chocho-Popoloca key native consultants in order to elicit folk classification of cacti 
among these indigenous ethnic groups of the Tehuacan-Cuicatlan Valley People 
interviewed were from the Nahua villages of Coxcatlan and Rancho El Aguaje, 
Municipality of Coxcatlan, Puebla; the Mixtec village of Santa Catalina Chinango, 
Municipality of San Pedro v San Pablo Tequixtepec, Oaxaca, in La Mixteca Baja; 
and the Chocho-Popoloca villages of Los Reyes Metzontla and San Juan Raya, 
Municipality of Zapotitlan de las Salinas, Puebla. 

The ethnobotanical information was complemented with data for the species 
studied from the Banco de Informacion Etnobotanica de Plantas Mexicanas 
(BADEPLAM) of the Botanical Garden at the Instituto de Biologia, Universidad 
Nacional Autonoma de Mexico and from bibliographical sources, especially from 

Bravo-Hollis (1978), Casas (1997) and Casas et al. (1997b). 

RESULTS 

Historic records on use and management of columnar cacti. — The "General and Natu¬ 
ral History of the Indies" is one of the earliest written documents including 
information on columnar cacti. It was published by Hernandez de Oviedo y Valdes, 
the first chronicler of the New World, in 1535. In chapter XXVI, this author wrote 
in old Spanish: "De los Cardones en que nasce la fructa que llaman pitahaya. No 
t's mala fructa ni dahosa y es de buen parecer a la vista. Los cardones en cjue 
nascen estas pitahayas, es cosa fiera e de mucha salvajez la forma de ellos, los 
cuales son verdes e las espinas, pardas o blanquecinas, y la fructa colorada^ 

( About the thistle-like plants on which the fruit called pitahaya is produced. It is 
not a bad nor harmful fruit and it is good looking. The thistle-like plants on which 
the pitahayas are produced are fierce and very savage in form. The plants are 
green and the spines brownish or whitish and the fruit is red 0 ”). And in ano er 
chapter. De unos cardos altos e derechos mayores que lanzas de armas (e aun 
como picas luengas) quadrados y espinosos, e a los cuales llaman los Chripstiano 
cirios por que parecen cirios o hachas de cera, excepto en las espinas. Los car one 
que los Cripstianos llaman cirios en esta isla, hay los assi mismo en otras muc - 
v en Tierra Firme. Estos son una manera de cardos muy espinosos e salvajes qw 
no hay en ellos parte donde se puedan tocar sin muy fieras espinas, non obsten 
que la Natura se las pone por orden e a trechos una de otras con mucho concie 
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FIGURE 2.— Teonochtli, from the De la Cruz-Badiano Codex. 

^ compas repetidas en su composicion." ("About some thistle like pla „ 
more upright than lances of the army, squared and spiny vv c art. c_ Q f 
indies" by the Christians because they look like candles, with the 1 ^ P ^ 
the spines. The spiny plants called cirios by the Christians in this ida ke 

Present in many other islands and on the continent. These are a in . use Q f 

P ant very spiny and savage, which have no part that c ^ n ^ ^ 0 p e behind the 
^ spines. However, Nature puts the spines in order and 11 sp< 

d \’Pr\/ fi\fP rOTYlDOSltlOn )• _ . v 


, The Barberini Codex from 1552 (De la Cruz and Bad.ano, l^nclu ^ 
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mixed with salt. All these things are heated. All this mixture is covered with a 
cloth and is applied for a brief time clenching with the teeth, especially the ill or 
carious ones. Finally, a mixture is made with white incense and a kind of oil called 
xochiocotzol and this is burned on live coal and its odor is collected in a piece of 

cotton which is applied to the mouth with a certain frequency; or, better, it is tied 
to the cheek". 

The Florentino Codex, made in 1547 by some of the first Nahuatl writers, was 
translated into Spanish by Fray Bernardino de Sahagun and published in the 'His¬ 
tory of the things of the New Spain" (Sahagun, 1970, 1985). In book II of the 
Florentino Codex there are many references to the use and the Nahuatl classifica¬ 
tion of plants of the genus Opuntia. Only two drawings and texts (not translated 
by Sahagun) refer to columnar cacti. Neither can be identified with certainty. The 
first is called "netzolli” (Figure 3) with an inscription in Nahuatl that can be trans¬ 
lated as: Netzolli : tasty fruit, twist, many spines, it has arms, spiny plant, hurting". 
Based on the drawing and the reference to the character "twist" (referring to the 
branches) this plant is most probably Escontria chiotilla (F.A.C. Weber) Rose. The 
second is called " teunochtli" ("sacred prickly pear") and the inscription can be 
translated as: " Teunochtli : It has big fruits with spines, light and dark green, it is 
cold, it calms thirst". Based on the general appearance of the plant (Figure 3) and 
the character "big fmits", this could be a species of Stenocereus. Sahagun (1985), as 
well as Del Barco (1988) described how harvest of fruits of columnar cacti was 
crucial for subsistence of some pre-Columbian and post-conquest peoples from 
northern Mexico with a nomadic or semi-nomadic life, who migrated from zone 
to zone following the seasonal abundance of cactus fruits. 



FIGURE 3.- Netzolli 


and Teunochtli, from the Florentino Codex 
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Francisco Hernandez (1959), the official physician of the Spanish King Felipe 
II, described several species of Opuntia, Ferocactus, Mammillaria , Hylocereus, as well 
as Myrtillocactus geometrizans (C. Martius) Console and a possible Stenocereus spe¬ 
cies called also "teonochtli". 

In the "Geographic Relations of the XVI Century" there are several references 
on the presence, use and management of Opuntia as well as toponymic names 
referring to this genus. However, the only reference to columnar cacti within the 
area of the south Pacific slope is found in the "Relation of Acatlan", a village near 
Tehuacan. This Relation, written by Juan de Vera in 1581 (Acuna, 1985), refers to 
the “teonochtli", which is found in chapter 22 in which the wild trees are de¬ 
scribed: "Hay otro arbol silvestre llamado teonochtli, que son unos cardones 
grandes, que lleva una fruta llamada pitahayas, muy gustosa v agradable, su 
madera arde como tea, y se sirven della para alumbrarse." ("There is another wild 
tree called teonochtli, which is a big spiny plant with a fruit called pitahayas, very 
tasty and nice; its wood burns like a candle, and people use it for lighting ). This 
plant could be Polaskia chichipe (Rol.-Goss.) Backeberg, the only local columnar 
cactus species used at present as a candle. 


Ethnobotanical information. — In the study area, nearly 40 species of Pachycereeae 
can be found (Bravo-Hollis, 1978; Davila et al, 1993; Valiente-Banuet et al. 1996) 
(Table 3). All of these species produce edible fruits that may be collected and con 
sumed by people. Nearly half of these species are giant columnar cacti, 10-15 m 
tall, characterized by a slow vegetative growth, flowering for the first time st\ eral 
decades after seed germination and, according to local people, for these reasons 
they have not been cultivated (species with habit "G" in Table 3). Howexer, - 
species are of smaller height (2 to 8 m), relatively fast vegetative growth ( the first 
flowering occurring 6 to 10 years after seed germination or 2 to 4 years aftei \ eg- 
etative propagation), with most of these having clonal propagation and, accor ing 
to local people, for these reasons they have been viable for cultiv ation (species 
with habit "S" in Table 31 Among these soecies, an exceptional morphologica 
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TABLE 3.— Species of Pachycereeae from the southern Pacific slope of Central Mexico. Uses: 1 = edible fruits ("regular 
quality, **good quality); 2 = edible seeds; 3 = edible stems and flowers; 4 = fodder; 5 = alcoholic beverages; 6 = house con¬ 
struction; 7 = living fences. Habits: G = giant columnar cacti; S = small columnar cacti. Cultural status: W = wild; M = 
managed in situ ; C = cultivated. Destination of products: H = consumption by household; C = commercialization. 
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sumed by people. In general, seeds obtained from fresh or dried fruits are washed, 
dried and roasted. The roasted seeds are ground with chiles, onion and tomatillo 
or “husk tomato" {Physalis philadelphica Lam.) or red tomato for preparing tradi¬ 
tional sauces which are among the main components in the daily diet of indigenous 

peoples of the area. The roasted cactus seeds may also be ground into an edible 
paste. 

Stems and flowers of the species indicated in Table 3 under use "3" are occa¬ 
sionally eaten. Stems of columnar cacti seem to have been a common food in the 
past (Callen, 1967) but at present these parts are usually eaten during seasons of 
food scarcity. Voung stems are prepared by removing the spines, cutting them in 
longitudinal pieces and removing the medullar portion, then roasting them in or¬ 
der to remove the cuticle. The flower buds are more commonly consumed during 
the flowering seasons. These buds are eaten boiled and then fried with eggs, but 
the boiled flower buds may also be prepared with onion and vinegar. This is par¬ 
ticularly common with Neobuxbaumia tetetzo but occurs also with flower buds of 
other columnar cacti (Table 3). 

In the Tehuacan Valley, economic value of edible parts is as follows, 3-5 fresh 
fruits or 6-10 dried fruits of Stenocereus stellatus (see also Casas et al., 1997b), S. 
pruinosus or Escontria chiotilla ; 8-10 fresh fruits or 10-15 dried fruits of Polaskia 
chichipe,?. chende or N. tetetzo and 1 liter of both fresh or dried fruits of Myrtillocactus 
geonn trizans are exchanged for one liter of maize; one liter of flower buds for three 
liters of maize; and one liter of seeds for fifteen liters of maize. These columnar 
cacti seem to be at present the most economically important ones in the region. 

Fodder. In general, branches of columnar cacti are cut and fed to domestic don¬ 
keys, cows and goats, after removal of the spines (use "4" in Table 3). Complete 
ruits or their peel are also used as fodder for pigs. Pulp, seeds and chipped peels 
it out spines are used for feeding chickens and turkeys. 

Alcoholic beverages. An alcoholic drink called "colonche" or “nochoctli" ("prickly 
pear pulque in Nahuatl) may be prepared from fruits of Opuntia spp., as well as 
rom the species of columnar cacti indicated in Table 3 (use "5"). For preparation 
FI n ° C juice is separated from seeds and then left for fermentation. 

°. ret s Pfr' ts are a i so prepared by mixing fruits of Myrtillocactus geottte trizans, 

sc ten i, Stenocereus pruinosus, and S. stellatus with the sugarcane alcohol 

aguardiente". ° 


. ^ or construction. Wood of giant columnar cacti is commonly us 

the h 10 h ° [ h °, USe r °° fs and fences < use " 6 " ' m Table 3 )- People genera 

, K ,, vascu ar tissue from decayed stems and branches of old giant 
each that naturally fell down ml 


columnar 


Livi 
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cookine^H 51 ^ 300 ^ 65 ! 0 ^ s P ec * es °f columnar cacti are collected to use as fuel for 

wood of „rT' rancbes °1 Polaskia chichipe and Stenocereus stellatus, along w 1 

other plant species, mainly Ipomoea arborescens G. Don, are especially used 
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for firing pottery, because the specific heat and low amount of smoke produced 
when burning branches of these species are considered by people to be particu¬ 
larly efficient for this activity. 


Traditional management. — Gathering. Peoples of the area commonly gather fruits 
and other useful products of columnar cacti from wild populations (cultural sta¬ 
tus "W" in Table 3). In general, people said that they gather fruits selectively, 
preferring larger fruits of species or variants with juicy pulp, sweeter flavor, thin¬ 
ner pericarp, shorter and fewer spines and deciduous areoles. 


Forms of management in situ. Additional forms of interaction can also be observed 
with some of the columnar cactus species. For instance, people frequently tolerate 
or let stand individuals of up to 18 species of columnar cacti when they clear the 
vegetation for cultivating maize (cultural status "M" in Table 3). This form of man¬ 
agement is part of a general form of management in situ of useful perennial plants. 
It is also a common practice that people sow in these areas seeds of species of 
legume trees and plant vegetative propagules ot the columnar cacti tolerated, in 
order to enhance their abundance in populations. Because the indi\ iduals of thtse 
tolerated species compete with the cultivated plants, people carefully select which 
species are the best for sparing. Their decision takes into account the usefulness of 
the species to spare. In the Tehuacan Valley, for instance, according to directed 
interviews, people manifested their preference to tolerate different species in the 
following order, according to their utility: Leucaetia esculenta, Prosopis laevigata 
(Humb. and Bonp. Ex Willd.) M.C. Johnston, Stenocereus stellatus , S. pruinosus, 
Pachycereus hollianus, P. tnarginatus, Myrtillocactus geometrizans, Pithecellobium dit ce, 
Pscontria chiotilla, Polaskia spp., Pachycereus weberi , Beaucarnea gracilis Lem. and 
Mitrocereus fulviceps (Weber) Backeberg ex Bravo. They also take into account the 
characteristics of the useful products of the individuals within each species, n ie 
case of columnar cacti, people prefer to spare mainly individuals with ^8 ' 

flavor, thin pericarp and few spines. FJowever, the tolerance of other p eno 
hpes is also common, especially when there are no other useful species o 
phenotypes competing. Sometimes, people prune the tolerated plants in or 
Uttprove conditions for growing maize. 


Cultiv 

^tainly by planting vegetative parts in home gardens or in agricultural ntiv. 

e > Ser ve as living fences or as barriers to prevent soil erosion, n genera , 

£ u t vigorous branches from mature wild or cultivated in hi ua 
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als arc taken after four to ten years, depending of the species managed, when the 
individuals'first produce fruits. 

Indigenous nomenclature and classification of columnar cacti. — Nahua classification. 
The Nahua people from the Municipality of Coxcatlan classify the cacti in six great 
categories (Figure 4). The first is " tiopalli " which includes all the plants of the 
genus Opuntia; the second is "nop al-xo chiti' ("nopal with flowers") and includes 
species of epiphytes with flat stems and beautiful flowers, such as species of the 
genus Nopalxochia; the third is " huitznahuac " ("surrounded of spines") or " comitl" 



Iziacnoch nop alii (white fruits) 


A opalli 

(Opuntia spp.) 


Xoconoch nop alii (sour fruits) 


Tlalnecxnoch nop alii (purple fruits) 


Xopalxochitl 


(Nopalxochia spp.) 



oz nopalxochitl (yellow flowers) 
Iztac nopalxochitl (white flowers) 


Chichinopalxochitl (red flowers) 


Xochcuauitl 


(species of columnar cacti) 



Tepepoa nochtli 

(Myrtillocactus geometrizans ) 


otz nochtli ( Polaskia chende) 


Tepequio nochtli ( Polaskia chichipe) 


Cuapetla nochtli (Stenocerus pruinosus) 


Xoco nochtli (Stenocereus st ell at us) 



Huitznahuac (spherical cacti) 

•Qmmochtli (epiphytic cacti) 
ftyotl (hallucinogenic cacti) 

RE 4. Nahuatl system of classification of cacti 
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(which refers to the form of traditional Indian pottery) which includes spherical 
cacti such as Matnmillaria , Ferocactus, Echinocactus, and others; the fourth is "cuau- 
nochtli" ("prickly pear on tree") which includes several species of epiphytic cacti 
such as Hylocereus; the fifth includes species of Lophophora which are called "puyotl" 

_ — _ * _ _ _ m 


(the root of the transformed word "peyote") because of their hallucinogenic prop¬ 
erties; the sixth includes the columnar cacti and is designated by the word 
noch-cuauitl" which means "tree producing prickly pears". It is composed by 
the term "nochtli", a word that designates the fruits of all the species of cacti and 
"cuauitl" which means tree. 

The name of each of these six categories is used by the Nahua as a folk generic 
and an epithet, generally referring to some characteristic of a specific part of the 
plant, provides a folk specific. In the case of the category " nopal-xochitl , the 
flowers are the parts which are considered for naming the folk specifics. For ex¬ 
ample, the word “cos-nopal-xochitl" includes as a prefix the term costic, meaning 


cognitive significa 


, fruits are 
tac-noch- 


to these plants. In the case of the "ttopalli" ( Opuntia) and columnar cact 
the most important part used in classification. For example, terms i: 

nopalli", "coz-noch-nopalli ”, " xoco-noch-nopalW and ‘tlanecx-noch-nopalli 

designate nopalli with white, vellow, sour and purple prickly pears re: 


columnar 


noch- 


cuauitl" or more often only " nochtli” as a folk generic. This reveals the cultural 
importance of these fruits to the Nahua. For example, Myrtillocactus geometrizans 
is called "tepe-poa-nochtli" , ("pitahaya from aggressive hills"); Polaskia chende is 
called " cotzo-nochtli” ("yellow pitahaya"); P. chichipe is called "tepe-quio-noc it i 
[ P’tahaya of scapes -quiotl is the term used for agave scapes- from the hills ), 
tenocereus pruinosus is called " cuapetla-nochtli” ("pitahaya of big tree ), an 
stellatus is called "xoco-nochtli" ("sour pitahaya"). 

The first level of classification of columnar cacti by the Nahua is based on 
color of the pulp. In the case of " xoco-nochtli " (S. stellatus), for instance (see asas 

name four variants: “chichi-xoco-nochtli ( re< d ^ P 
*oconochtli"), " iztac-xoco-nochtli " ("white xoconochtli"), " coz-xoco-noxtli ( yei- 
0Vv or orange xoconochtli"), " tlanec-xoco-nochtli" ("purple xoconoc t ‘ , 

equently distinguish between sweet and sour flavors, using the ° r s 3 

xocotl" respectively, but these epithets never form part °tth e n f^7.f ru jt s 

P^nt. Similarlv. thm, ‘ 


1997b), people name 


s 


use 


uitztli" and " amo uitztli” for spiny and non spiny 


t-hocho 


Mu 


- eidssincanon./\mong uic r * ,. ^ rr u trA \ 

° ^ a P°titlan de las Salinas, the classification of cacti follow ^ a ^ ("prickly 


term 


each 


) is used as folk generics for grouping species of Opuntia and coh 
)J g edible fruits. This term is distinguished from "luchi" that includes P 

The SPmnrl - ^minc of the eenus OpM^uir ^ 


kdtida 


iguisneu uum Dmintia, while 

groups species of the genus 0 


columnar cactus present in the area is designated 
ace, Stenocereus pruinosus is designated by the nc 
■ometrizans by " tuchi-ldsha", Polaskia chichipe by 

hi-ktshi. In sneries of columnar cacti, as well < 


// 


and 
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PRIMARY LEXEME 


SECONDARY LEXEME 


VARIETAL CATEGORIES 


Tuchi 



(fruits of Opuntia and columnar cacti) ( Stenocereuspruinosus) 


Tuchi kanda jatze 
(red fruits) 


Tuchi kanda lula 
(white fruits) 



(Polaskia chichipe) 


FIGURE 5. Chocho-Popoloca system of classification of cacti. 

further categories may be designated by color. In Stenocereus stellcitus, for example 
tuchi-ktshi-lula and " tuchi-kishi-jatze" are names used for designating van 
ants of w hite and red pulp. Variants of other colors are absent in the area (Casas e 
„ ‘ 19 ^ 7 y )• Similarly, the names " tuchi-ktshi-usdtu ”, " tuchi-ktshi-tshetu ' an 

uc i kishi-tisan are used to designate variants of sour, sweet and insipi 

«x5', re , S F e ^ tive A y ' ^ ar i ants °f spiny fruits are designated by the name 

uc it is i-nyunu , while the variants with few spines are designated by tuc t 

tsm-^anyunu" (see also Casas et al, 1997b). 

PaW eC T C ^ aS ^ Ca ^° n ' Mi xtec people of the Municipality of San Pedro v Sa 
o equixtepec classify cacti in three great groups. In one of them the ter 
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PRIMARY LEXEME 


SECONDARY LEXEME 


VARIETAL CATEGORIES 


j 


l india 


(Opuntia 



(white fruits) 



(spherical cacti) 


Chimilod ndanu 
(big spherical cacti) 
Chimilod cudti 
(small spherical cacti) 



Ndichi noni 

(Myrtillocactus geometrizcms) 

Ndichi quitii 
(Pachycereus weberi) 

Ndichi eddy a 
( S. stellatus) 

Ndichi cudn 
(S pruinosus) 

Ndichi yaa 
(Polaskia chichipe) 

Ndichi lay a 

(S marginatus ) 



Ndichi eddya cuad 
(red and pink fruits) 
Ndichi eddya cushi 
(white fruits) 

Ndichi eddya ton 
(purple fruits) 

Ndichi eddya cuan 
(yellow and orange fruits) 


CURE 6.- Mixtec system of classification of cacti. 


vindia is used as folk generics for naming Opuntia species (^8^ (''black 
terms may refe r to characteristics of cladodes, for example 
nop a i ) and ' vindia-cushi" f'white nopal") are terms retemng_P 


black 


and 


ter to characteristics of cladodes, tor extu j- presence of 

vindia-cushi " ("white nopal") are terms referring Y har . 

. , , . fir fprmsmav also rerer 


^^nstics of fruits which are called “clriqui'' " Vindia-chtqut * are examplesof 

ear nopal"), " vindia-chiqui-cushi " ("white prickly pear nopa ) „ c}jimil6d ». 

s si hiation. Spherical cacti are classified using the to g her j ca i cacti, 
Peo Ple in the Mixtec reeion only distinguish two species of s P ne 


("red prickly 
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" chimildd-ttddnu " ("big spherical cactus") in which Ferocactus and Echinocactus 
species are included, and " chimiloo-cuati " ("small spherical cacti") which includes 
Mammillaria and Coryphantha species. The third main group is formed by colum¬ 
nar cacti classified using the term "ndichi" as folk generics, which is also used for 
naming fruits of columnar cacti. 

Species of columnar cacti are distinguished using particular terms. For ex- 

. 1 ~ V f _I- • * •// ✓// • /• . . #>v • 1 /. _ _ _ 


ample," ndtchi-ttotii 


a 


ing Myrtillocactus g< 


ndtchi-quitu" for Pachycereus weberi; " ndichi-cddya " ("sandy prickly pear") for 
S. Stellatu s; ndtchi-cuatt" ("yellow prickly pear") for S. pruinosus ; " ndtchi-yda" 
( white prickly pear ) for Polaskia chichipe and "ndtchi-laya for P. marginatus. 

* — ^ A M I i I 1 ^ 1 a ^ ^ ^ 


Mixtec thus clearly distinguish between fruits 


Fruits of spher 


columnar cacti naming them as "chtqui" and 

cal cacti are also called chtqui", but, although they are also occasionally consumed, 
these are not considered by the Mixtec for the classification 


Jpuntia spp. and columnar cacti ha 
Mixtepec, Oaxaca (Eugene Hunn 


columnar 


1997b) 


Mixtec distinguish two 


"xoconochtli" according to their color: the red "xoconochtli" (" ndtchi-cddya-cuad") 
and the colored xoconochtli" (" tidichi-cdaya-color") in which they group 
xoconochtli with fruits of the three other colors (including white) that they recog- 
mzt. Thev consider the red color as a wild characteristic. 


DISCUSSION 

Although both archaeological and historical sources indicate a continuous long 
istor\ of utilization of columnar cacti by peoples of the south Pacific slope re¬ 
gion, no e\ idence could be found in such sources about cultivation of these plants. 

n ^ a ^° n *° ,^ e historical documents, it is difficult to accept that people who 
^ oet em did not observe the presence of columnar cacti in the Indian home 
^ ei "*. S as thev can be seen at present. One possible explanation for this omission 
e ocuments could be that Spaniards did not consider fruits of columnar cacti 

d'H 6 resources ' ar, d for this reason they did not describe them as thev 

Hn f eSC ^ e man y other plants. In this respect, it could be illustrative to men- 
. a . e case Opuntia, there are several references on cultivation of those 
DroH.Tf f If 1 ? t0 the P roduction of the "grana" (cochineal), a very important 
thp nrnri ^ ^ P ar h ar ds, but there are no references to those species dedicated to 
omicci U -” u* 1 ° prickl y P ear fruits. But another possible explanation for such an 
bv Pimm T cu hh r ation of columnar cacti started more recently, as suggested 
a jj.?. a arrios and Nobel (1994) in the case of Stenocereus queretaroensis. 
Question 1 k°?k arc ^ ae °logi ca l ar »d historical evidence is needed for answering this 
ie S wni .,' H u botanicaI studies might also provide helpful information. These stud- 

domestir^tVk^vT US t0 exam ^ ne evolutionary changes of columnar cacti under 
among wilH° n a com P ara hve analysis of morphological and genetic variation 

ductive biolr* 11 ma ^P u l ate d plant populations, as well as the analysis of repro- 

gy an other biological aspects commonly affected by human 
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manipulation. This information might contribute to evaluating the extent and trends 

of changes under domestication and to better understanding about the antiquity 
of human manipulation. 

The ethnobotanical information obtained indicates that at present people make 
decisions about how to manipulate columnar cacti species or variants according 
to the quality of their products, and their role in human subsistence (Figure 7). 
Thus, the species and variants cultivated or managed in situ are generally those 
with the most useful fruit characteristics. However, as we found in the case of 
Stenocereus stellatus (Casas et al., 1997b), cultivation is particularly intensive in ar¬ 
eas where the commercialization of fruits or their consumption by households 
makes necessary the production of more and or better fruits. 


Quality of products 


Role in human subsistence 


Availability of products in the wild 


^ lability and ease of manipulation 



Gathering 


Management in situ 


Cultivation 


FIGURE 7.— Factors influencing types of interactions between people and columnar c 


7 


e y are manipulated, and this seems to be a general pattern of plant managen 
^ the area. Thus, we found that Leucaenci esculenta and 5. s tellatih are in ens 
-U tivated generally in places where wild populations are scaice, ut no 
% are abundant in the wild (Casas and Caballero, 1996; Casas et a ., _ • 

so, Messer (1978) refers to a Zapotec informant who affirme t a * 
e chipil (Crotalaria pumila) seeds to plant for the time when ere ar ®* 1 r'acas 

lelrk -- h .1—was observed b\ Casas, 


elds so we will have 
iveros and Cabalism 

?ason 


among the Mixtec 


The 


vdte l .rotaiaria pumtia ana nnuuu c. 
n order to increase their availability. 

* 1 • • « ~ - 1 . t • _ _ 1 ^ ^ 


enhance 


>rtant. Thus, although 
Mitrocereus fulviceps 


uch as Neobuxbaumia tetetzo, N. mezcalaensis, or v <rood duality, 

:h ycereus weberi, among others (Table 3), produce fruits of a v ^8^ ^ 
V are not cultivated ex situ because their slow grow ma , ost probably 
°rf of sowung seeds and taking care of seedlings whose P r ^ j evan t for mak- 

8°' n g to be seen by the sower. Slow growth ma\ no people 

» visions on managing wild populations of such s P e f 1 ^f However, the ef- 
'Ply tolerate their presence during the clearing of vegetahon. Ho* 
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feet of artificial selection favoring particular phenotypes of these species in situ 
might be hardly notorious given the difficulties people have increasing numbers 
of desirable phenotypes by intentional direct propagation. Furthermore, when 
seeds of desirable phenotypes are sown, their generally outcrossing reproduction 
system (Casas et al., 1999b; Valiente-Banuet, et al. 1996,1997a; 1997b) would make 
uncertain that the phenotypes selected were those expressed in the progeny sown, 
due to the additive genetic variance of desirable traits. On the contrary, the fixa¬ 
tion of desirable characters in species with vegetative propagation such as S. 
stellatus, S. pruinosus or S. queretaroensis (Table 3) is relatively easy. In these species, 
the reproductive system is generally also outcrossing (Casas et al., 1999b, Pimienta- 
Barrios and Nobel, 1994), but artificial selection on progeny from sexual 
reproduction is possible because they grow relatively fast. 

Traditional classification of species and infraspecific variants of columnar cacti 
are generally based on characteristics of fruits, particularly size, color, and flavor 
of the pulp, as well as spininess and thickness of the peel. Fruits are at the same 
time the main useful parts and the characteristics mentioned are used by people 
for characterizing the quality of the fruits. Combinations of states of such charac¬ 
teristics may produce a broad spectrum of species and variants recognized by 


V\ ild populations- -^ Management in situ ? 

’ j| ' S '~ v ’ 

(Mitrocereus fulviceps, Neobuxbaumia tetetzo 
I Pachycereus weberi,P. pecten-aboriginum, 

Stenocereus dumorfieri S. fricii, S. chrysocarpus ) 

v 

Management in situ 


■ a * 

Cultivation 

(Escontria chiotilla, Myrtillocactus spp., Pachycereus hollianus , 

P. marginatus, PolasMa spp. Stenocereus pruinosus, 

S queretaroensis , 5. quevedonis, S. standleyii , S. stellatus, S. treleasei) 

RE 8. Possible routes of domestication of columnar cacti. 
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people, which constitute the raw matter for artificial selection at plant community 
or species level. Artificial selection is apparently carried out by identifying and 
subsequently increasing by vegetative propagation the frequency of individuals 
with desirable phenotypes from wild, managed in situ or cultivated populations. 
Vegetative propagation is carried out by carrying branches of the desirable plants, 
wild or cultivated, to home gardens. But artificial selection apparently also occurs 
when plants of desired forms are preferentially spared or protected when land is 
cleared and non-desired plants are eliminated. A similar form of selection appears 
to occur when seedlings are spared by people in cultivated populations until their 
fruits can be evaluated, after which plants are either retained or discarded. 

This information suggests that artificial selection is a potential or actual pro¬ 
cess that may act on species that are cultivated. Artificial selection has caused 
significant divergence between wild and manipulated populations in species such 
as Stenocerens stellatus and S. queretaroensis as has been documented by Casas (1997), 
Casas el al. (1999a, 1999b) and Pimienta-Barrios and Nobel (1994,1998), and might 
also be significant in species such as Myrtillocactus geometrizans, M. schenki, Escontria 
chiotilla, Pachycereus hollianus, P. marginatus, Polaskia chichipe, P. chende, Stenocerens 
fried, S. griseus and S. pruinosus, among others, which are intensely cultivated and 
managed in situ and have important morphological variation in characters that 
are targets of selection by people. However, the demonstration and evaluation of 
the extent to which these species have been domesticated is yet to be done. The 
case study of Stenocereus stellatus (Casas et al. 1997b, 1999a, 1999b) allows us to see 
that domestication under management in situ is an ongoing process. This case 
suggests that both in situ and ex situ artificial selection may be acting simulta¬ 
neously in some species (Figure 8). This pattern of in situ and ex situ domestication 
acting in conjunction could be similar in species of relatively fast vegetative growth 
and clonal propagation. But a pattern of domestication in situ acting alone could 
allow us to analyze possible processes of domestication of some species of giant 
columnar cacti such as Pacycereus weberi, Stenocereus dumortieri, Neobuxbauntia tetetzo 
and N. niezealaensis, among others. 
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